Objective. To identify blood biomarkers to predict severity and mortality in AIDS PCP patients. Methods. Biomarkers including clinical parameters and plasma inflammatory cytokines were assessed in 32 HIV-infected patients with Pneumocystis pneumonia (PCP) at time of admission. Predictive value of the biomarkers for clinical severity and in-hospital mortality was evaluated by corresponding ROC curve. Results. Levels of CRP, WBC, LDH, HBDH, and Ferritin were significantly higher in the severe and nonsurvivor AIDS PCP patients. These important biochemical indicators have inverse correlation with oxygenation index, especially levels of LDH ( = 0.008, 2 = 0.258), HBDH ( = 0.001, 2 = 0.335), and Ferritin ( = 0.005, 2 = 0.237). Plasma IL-8 and IL-6 levels were significantly higher in patients with PaO 2 /FiO 2 ≤ 200 mmHg and nonsurvivors than in those with PaO 2 /FiO 2 > 200 mmHg and survivors. Severe and nonsurvival groups showed higher ratio of mean IL-6/IL-10 level (1.78 ± 1.56, < 0.001; 1.11 ± 0.72, = 0.043), larger AUC (95% CI 0.781-1.000, < 0.001; 95% CI 0.592-0.917, = 0.043), and more significantly inverse correlation with the oxygenation index. Conclusion. Plasma IL-8, LDH, and HBDH levels and IL-6/IL-10 ratio could be helpful for early evaluation of the severity and predicting fatal outcomes in AIDS PCP patients.
Introduction
Pneumocystis pneumonia (PCP) is one of the most common opportunistic infections in HIV-infected patients with a substantial mortality rate. A recent cohort study in China by Xiao et al. found that the top three most common opportunistic infections (OI) of hospitalized HIV-infected patients were tuberculosis (32.5%), candidiasis (29.3%), and PCP (2.4%), with PCP resulting in an in-hospital mortality rate of 33.1% [1] . The incidence of PCP has declined with combination of antiretroviral therapy (ART) and PCP prophylaxis. Nevertheless, PCP may occur in patients who are unaware of their HIV infection, are unable to reach medical care, or fail to adhere to PCP prophylaxis or ART [1, 2] . PCP can also progress rapidly into respiratory failure in patients not immediately treated with appropriate therapy. Early diagnosis of PCP in AIDS patients can be challenging, especially when the CD4 count is unknown; therefore, empiric therapy is often initiated based upon nonspecific clinical manifestations while awaiting the results of diagnostic tests [3] .
Hematologic parameters obtained by automated hematologic analyzer including C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), procalcitonin (PCT), white blood cell (WBC), lactate dehydrogenase (LDH), hydroxybutyrate dehydrogenase (HBDH), D-dimer, and Ferritin are rapid to test. CRP and LDH have been evaluated in the diagnosis of AIDS PCP and prediction of PCP severity [4, 5] but have been found to have low predictive value. Since cytokine responses differ for different types of infections, therefore specific patterns of cytokine response may have diagnostic and prognostic value [6] . Alveolar macrophages are the first line of host defense against P. jirovecii, leading to production of inflammatory chemokines IL-8 and IL-6 [7, 8] . Lung epithelial cells are the predominant cell type for Pneumocystis trophozoite and cyst adherence, which have been shown to produce IL-6, IL-8, and MCP-1 [9, 10] . Dendritic cells are also important effector immune cells in the lung; when exposed to Pneumocystis organisms, they displayed Th2 cytokine response, secreting IL-4 [11] , and Th1-patterned cytokine response, secreting IL-1 and TNF- [12] . In studies of mice infected with P. jirovecii, IFN-was found to augment host defense by increasing nitric oxide synthesis of the macrophages [13] . Therefore, potential biomarker panels including cell markers, cytokines, coagulation factors, acute phase proteins, and other immune molecules may be more predictive than a single biomarker. Previous studies of biomarkers for AIDS PCP evaluated only individual biomarker such as IL-8 and a few combinations [14] [15] [16] . In this study, we evaluated a large panel of biomarkers to determine which ones may be of value in predicting evolution of PCP in HIV-infected persons. 
Materials and Methods

Clinical Biochemical Parameters and Inflammatory
Cytokines Examination. Biochemical parameters including WBC, eosinophil count, lymphocyte count, CRP, ESR, PCT, LDH, HBDH, D-dimer, and Ferritin were examined in a central laboratory of our hospital within 12 hours of admission. A 10 mL sample of peripheral blood was collected using the EDTA-anticoagulant tube. After centrifugation (1500 rpm for 5 minutes), the supernatant of blood was frozen and stored at −80 ∘ until it was analyzed. The levels of cytokines in the supernatant of blood were measured by the commercially enzyme-linked immunosorbent Human Platinum ELISA kits: IL-1 , IL-2, IL-4, IL-6, IL-10, IL-12, IL-17 , IL-18, MCP-1, and IFN-(eBioscience, North America).
Statistical Analysis.
Data were expressed as mean ± SD. Kolmogorov-Smirnov tests were used to assess whether continuous variables are normally distributed, and then independent-samples -test or nonparametric test (MannWhitney test) was chosen to compare groups. Spearman rank correlation coefficient analysis was used for linear correlation analysis. Evaluation of severity performance of biomarkers (see Table 4 ) was analyzed using receiver operation characteristic (ROC) curves. The ROC curves were compared using a nonparametric method. Significance was defined as < 0.05. Statistical analysis was performed using SPSS version 19 (SPSS, Armonk, New York, United States). All remaining statistical analyses were performed using MedCalc Statistical Software version 14.8.1 (MedCalc, Ostend, Belgium).
Results
Biochemical Makers in Severe Disease and Nonsurvivors.
Clinical characteristics and baseline demographics of the 32 patients are shown in Table 1 . Mean age was 40.72 ± 12.03 years, and mean CD4 count on admission was 87.14 ± 14.46/mm 3 . None of the patients had taken PCP prophylaxis prior to admission and 90.6% were naive to ART (three subjects had previous exposure but had not been on ART for at least 1 year prior to admission). HIV-RNA levels were higher in patients with PaO 2 /FiO 2 ≤ 200 mmHg than in those with PaO 2 /FiO 2 > 200 mmHg (Table 1) .
Blood levels of WBC, CRP, LDH, HBDH, and Ferritin were significantly higher in severe than in mild groups ( Table 2 ). The levels of LDH, HBDH, and Ferritin were also markedly higher in nonsurvivors than in survivor groups (Table 3 ). In addition, ROC analysis of these biomarkers showed higher AUC in severity and nonsurvivors groups: 
Increased Levels of IL-8 and IL-6 in Severe Disease and
Nonsurvivors. Plasma levels of IL-6 and IL-8 were significantly higher in patients with PaO 2 /FiO 2 ≤ 200 mmHg than in those with PaO 2 /FiO 2 > 200 mmHg (Table 3) . Nonsurvivors also had significantly higher blood levels of IL-8 compared with survivors ( Table 5 ). The ROC curves constructed are listed in Figures 2 and 3 . Among tested cytokines, IL-6 and IL-8 had higher ROC in the severe and nonsurvival group. There were also significant inverse correlations between the oxygenation index and plasma levels of IL-6 ( = 0.001, 2 = 0.210) and IL-8 ( = 0.001, 2 = 0.137) (Figures 4(b) and 4(c) ). 
IL-6/IL-10 Ratio Was Intensively Related to Severe and Nonsurvival AIDS PCP Patients.
The ratio between antiinflammatory cytokines IL-10 and other proinflammatory cytokines IL-6, IL-8, IL-1 , and MCP-1 revealed higher levels both in the severe group and in nonsurvival groups (Tables 3  and 5 ). Severity and nonsurvivors groups had a higher ratio of IL-6/IL-10 (1.78 ± 1.56, = 0.000; 1.11 ± 0.72, = 0.043) (shown in Tables 3 and 5 (Figure 4(a) ).
Discussion
Although LDH is a nonspecific biomarker and also increases in many other diseases, an elevated LDH level has been noted in many patients with PCP [18] and has been utilized for diagnosis of PCP [19] [20] [21] [22] . Few articles or guidelines have assessed the utility of LDH in predicting severity of disease progression. In the present study, we observed significantly higher elevated levels of LDH in PCP patients developing severe respiratory compromise with PaO 2 /FiO 2 ≤ 200 mmHg than those in those mild disease with PaO 2 /FiO 2 > 200 mmHg. We also showed a significant inverse correlation between the oxygenation index and LDH ( = 0.008, 2 = 0.258). The activity of HBDH is increased with PCP, correlating positively with LDH ( = 0.000, 2 = 0.882, data not shown) and negatively with oxygenation index ( = 0.001, 2 = 0.335), indicating that HBDH is likely to be reflection of the underlying lung inflammation. HBDH level seems to be another potential biochemical parameter for prediction of AIDS PCP severity and mortality.
Biochemical parameters such as CRP and D-dimer obtained via hematologic analyzer are rapid and require small quantities of blood samples. Similar to previous studies [5, [23] [24] [25] , we found CRP and D-dimer to be useful parameters for the diagnosis and prediction of PCP severity. In our study, CRP levels were higher in patients with PaO 2 /FiO 2 ≤ 200 mmHg, and D-dimer levels were higher in nonsurvivors.
Theoretically, abnormal exaggeration of proinflammatory or anti-inflammatory cytokine response can be harmful to the host, leading to respiratory distress syndrome, shock, multiorgan failure, or death. Therefore, quantitation of the inflammatory response may have prognostic implications [26] . The results of a previous study indicated that PCP patients had higher levels of proinflammatory cytokines compared to controls, but anti-inflammatory cytokines had a variable response. Some proinflammatory/anti-inflammatory ratios were valuable in assessing the severity of PCP and predicting the outcome of the patients [27] .
IL-8 is correlated with both neutrophil infiltration of the lung and impaired gas exchange during severe PCP. Recent studies of PCP reported that the level of IL-8 in bronchoalveolar lavage fluid (BALF) and plasma may serve as a predictor of severe respiratory failure and death [15, 16] . Furthermore, plasma levels of IL-8 were found to be significantly higher in severe non-AIDS PCP [27] . In agreement with previous reports, the present study indicated that the blood level of IL-8 differed between subjects with PaO 2 /FiO 2 ≤ 200 mmHg and PaO 2 /FiO 2 > 200 mmHg, correlated inversely with oxygen index, and also differed between survivors and nonsurvivors [15] .
IL-6 is a proinflammatory cytokine that is important for B cells as well as promoting CD4 T cell proliferation and survival [28] . In animal experiments, IL-6 levels were elevated in severe combined immunodeficient mice with P. carinii pneumonia compared with levels in P. carinii-free mice [29] . Kobayashi et al. [11] reported that BALF levels of IL-6 were higher in immunocompromised patients with PCP than in immunocompromised and immunocompetent patients without PCP [30] . In our study, plasma IL-6 levels were higher in patients with PaO 2 /FiO 2 ≤ 200 mmHg than in those with PaO 2 /FiO 2 > 200 mmHg but did differ between survivors and nonsurvivors. IL-10 is an anti-inflammatory cytokine produced primarily by antigen-presenting cells, which exerts negative regulatory effects on proinflammatory cytokines by downregulating their synthesis [31] . IL-10 is released in the lungs of experimental animals with PCP [32] and also in humans [33] , resulting in decreased Pneumocystisdriven pulmonary inflammation and improved survival.
In our study, IL-10 level in patients with PaO 2 /FiO 2 > 200 mmHg were higher than that in PaO 2 /FiO 2 ≤ 200 mmHg and similarly in survivors compared to nonsurvivors. Surprisingly, we found higher blood levels of IL-6/IL-10 ratio in patients with PaO 2 /FiO 2 ≤ 200 mmHg and in nonsurvivors.
Furthermore, IL-6/IL-10 had the highest AUC and correlated inversely with the oxygenation index ( < 0.001, 2 = 0.276). In conclusion, our data suggest that detection of plasma IL-8 levels and IL-6/IL-10 ratio combined with LDH and HBDH can predict the severity of PCP risk of death in AIDS patients with PCP. In developing countries where resources for mechanical ventilation are limited, assessment and risk stratification on admission, using commonly available laboratory biomarkers, may be particularly helpful for management of PCP.
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Written consent was obtained from the patients.
